To Monascus spp., light is not the required factor for its growth. But Monascus spp. has the capacity to sense and respond to light. This paper investigated the effects of blue light on growth and the changes of citrinin yield in Monascus 15. Our results demonstrated blue light was a stimulating signal for citrinin formation. Under the blue light illumination, the biomass of Monascus 15 was inhibited, but the citrinin yield increased when comparing with no light culture condition. Spores statistical results revealed that the blue light also influences the development of mycelium and spore formation.
Introduction
Although filamentous fungi are not able to use light for photosynthetic processes, illumination does play a role in morphology and circadian responses. For example, the study with Gigaspora gigantea showed that at low intensity light (13.4 μE s -1 m -2 ), maximum hyphal branching was achieved after 6h light exposure, and at high intensity light (10,800 μE s ), maximum hyphal branching was reached after only 8 min exposure [1] . The ascomycete Neurospora crassa has been proven to be a paradigm for photobiological, biochemical, and genetic studies of the enigmatic process of light regulation. In N. crassa, blue light regulates induction of carotenoid pigment production [2, 3] , protoperithecia (sexual fruiting body) formation [4] , phototropism of perithecial beaks [5] and circadian rhythm. All of above mentioned phenomenon are abolished by mutations in wc-1 or wc-2 [6, 7, 8] . Trichoderma atroviride, a fungus used in biological control, sporulates in a synchronized manner following a brief pulse of blue light. A brief pulse of blue light (400-480 nm) given to a radially growing colony in a Petri dish induces synchronous sporulation [9] . For T. atroviride, upon exposure to blue light, changes in membrane potential and in ATP levels, and a transient biphasic oscillation in intracellular cAMP levels, are observed [10] .
Secondary metabolite productions usually commence late in the growth of the microbe, which is commonly associated with sporulation in microorganisms, including fungi [11] .Secondary metabolites associated with sporulation can be divided into three broad categories: (I) metabolites that activate sporulation [12] , (II) pigments required for sporulation structures [13] , and (III) toxic metabolites secreted by growing colonies at the approximate time of sporulation [14, 15] .
Monascus fermentation productions have been used as foods and medicines in the Orient for over 1000 years [16] . In taxonomy, the genus Monascus belongs to the family Monascaceae and to the order Eurotiales. Morphological, physiological, and biochemical characteristics, such as the shape of the colony, length of conidial chain, and production of pigment, have been considered suitable keys to the classification of Monascus. Based on physiological and morphological characteristics, there are six major species: M. pilosus, M. purpureus, M. ruber, M. floridanus, M. pallens, and M. sanguineus.
There are three kinds of well-known polyketides that are produced in Monascus post-fermentation stage, which are pigments, monacolin K, citrinin, respectively. Monascus fermentation productions are now used as a natural colorant and a dietary supplement in China and Southeast Asia. As the citrinin has nephrotoxic and hepatotoxic properties in animal species tested, it sounded the alarm about the safety of monascus productions. Studies of the corrected factors on citrinin production by Monascus should be carried out. In this paper, we studied the effects of blue light on citrinin accumulation, sporulation formation and morphology changes of Monascus 15.
Materials and methods

Microorganisms Culture Media and Conditions
Monascus 15 was a high citrinin-producing strain, preserved by Tianjin University of Science and Technology, which was maintained on maltose agar medium for 4 to 6 days at 30℃. The inoculum medium contained rice powder 30g, KH 2 PO 4 2.5g, NaNO 3 3g, and MgSO 4 · 7H 2 O 1g in 1000mL distilled water, and the initial pH of the medium was adjusted to 4.5 with lactic acid. The YES fermentation medium contained yeast extract 40g, sucrose 160g per liter. The inoculum was incubated in a rotary shaker (180rpm) at 30℃ for 2 days, and then a suspension of 10 6 spores was transferred to a 60cm Petri dish that contained 50ml YES medium, which was incubated under dark or blue light exposure (0.009mW/cm 2 ) on a static illumination incubator for 9 days at 37℃. The wavelength of blue-LED illumination is about 450 nm.
Determination of Citrinin
Citrinin was determined by HPLC on a C18 column (5μm, 250mm×4.6mm) after filtration of fermentation with 0.22μm pore size filter. LC grade acetonitrile and methanol were purchased from Merck Company. Citrinin was obtained from Sigma Chemical Company. The mobile phase comprised of water and acetonitrile and methanol (70:10:20), the pH of which was adjust to 2.6 with H 3 PO 4 . The column temperature and flow rate was set at 30℃ and 1.0 ml/min, respectively. The detector used is fluorescence detector. The excitation and emission wavelength was set at 330 and 500nm, respectively. All data presented are the averages of results obtained from three independent measurements. 
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Biomass Measurement
Monascus biomass was determined by gravimetric analysis after centrifugation of pigments extraction and drying of the precipitate in an oven to constant weight at 60 o C
Observation of cell development
YES liquid cultures inoculated with the same number of spores were incubated under dark and blue light for 7 or 9 days at 37℃. After 3 days of culture, spores including asci and conidia were harvested with 0.9% NaCl solution and counted using a counting chamber. The data showed in Fig.1 demonstrated that blue light cultivation decreased the cell dry weight of Monascus 15 when compared with the darkness fermentation. At the 5 th fermentation day, the highest dry weight was 1.130±0.094 g. In the blue light group, the maximal biomass was 0.856±0.081 g, which obtained at the 7 th fermentation day.
Results
Effects of Blue Light on Production of Citrinin of Monascus 15
The Citrinin production was estimated in fermentation medium after 3, 4, 5 and 7 days of culture. From the data shown in Fig. 2 , we knew that the peak value of citrinin under darkness fermentation was obtained after 3 days of cultivation, 648.4±17.6 μg/ml. However, under the blue light irradiation, the maximum accumulation of citrinin appeared after 4 days of fermentation, which increased significantly (about 1.5-fold) than that under no light cultivation (Fig. 2) . The maximum value of the citrinin accumulation under the blue light fermentation was 987.9±98.9 μg/ml. These results showed that blue light stimulated citrinin production in YES medium. On the other hand, at the telophase of fermentation, blue light accelerated the decomposition rate of citrinin, as well. 80 
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Effects of Blue light on Monascus mycelium morphology
As shown in Fig. 3 , Monascus 15 can sense and respond to blue light. When exposing to blue light, the aerial mycelium was short and rambling than that in the darkness culture condition. On the other hand, cultivation under the darkness, the mycelium was more exuberant, and stronger than that illuminated by blue light. At the central of the colonies, the colony color under the blue illumination was luteous (Fig. 3-C) ; whereas it appeared saffron yellow under the darkness (Fig. 3-D) . 
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and the Proportion of Sexual Spore of Monascus
The relationship of spores formation and blue light illumination was also investigated. At the 3rd day of culture, we got a small mycoderm by a puncher, the diameter of which was 1cm. Then, the spores in the small mycoderm, including asci and conidia, were harvested with 1ml 0.9% NaCl solution and counted using a counting chamber (Table 1) . Ascus formation was stimulated significantly by blue light exposure. The results showed that the number and rate of asci produced increased under blue light, whereas germination of conidia was inhibited by blue light. The maximum rate of asci in spores was 27.5% under dark, which appeared at the 3 rd day of fermentation. Whereas, cultivated with blue light, the maximum rate of asci was 33.7%, which was at the 4 th day of fermentation. It was similar with the trendline of the citrinin content.
Discussion
In this study, we found that M15 can response to blue light, just like N. crassa did [8] . In our studies, blue light influences secondary metabolism and cell development, including mycelium and spore formation. Blue light stimulates the production of citrinin; meanwhile, it inhibits the biomass of monascus, which is consistent with the phenomenon that the aerial mycelium under the blue light illumination is more incompact and slimmer than that in the darkness. The maximum rate of asci in spores was consistent with the maximum citrinin content. Without the light illumination, the citrinin content reached maximum value (648.4±17.6 μg/ml) at the 3 rd day, whereas the maximum value appears at the 4 th day under the blue light cultivation, which was one day later than that in darkness. The maximum time inconsistency of citrinin accumulation with or without blue light illumination perhaps correlated with the circadian rhythms changes and other processes under the blue light illumination.
These observations indicate that blue light illumination influence the patterns of development of mycelium and spore formation, and then regulates the biosynthesis rate or the quantity of secondary metabolite in Monascus15.Why does Monascus secrete citrinin? Citrinin released to the external cultivation environment, is a kind of antimicrobial substance, which plays a role of self-protection, can inhibit the growth of other microorganisms. Our observation implied that another important function of the toxin maybe to act as a light protectant in order to create favorable conditions during the initial germination process. Illuminating with blue light, Monascus increased the biosynthesis of citrinin, a light protectant pigment in order to keep a steady-state for its own survival. In Neurospora crassa, the synthesis of carotenoids (photo-protective pigments) increased with white light irradiation. 82 
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Conclusion
The members of the fungal kingdom can respond to the wavelengths of light from UV to far-red; however, until recently, only one photoreceptor class of the blue light sensors had been identified in N. crassa [17] , Our data demonstrated that the blue light influenced the mycelium morphology, citrinin production and the proportion of sexual spore of Monascus 15, but the mechanisms behind blue light stimulation of citrinin and asci synthesis are still obscure.
